micro RNAs (miRNAs) are small non-coding RNAs that act as posttranscriptional repressors by binding to the target mRNA, and are known to have important roles in controlling development and regulating cell proliferation and differentiation[@b1]. Moreover, many researchers have been elucidating involvement of miRNAs in different diseases, and have been becoming to recognize that miRNAs are potential targets for new therapeutic approaches[@b2].

On the other hand, chronic kidney disease (CKD) is a major global health care problem, and causes enormous medical costs due to the therapies for end-stage renal disease (ESRD). Many clinicians are using the inhibitors of renin-angiotensin system (RAS) to slow the progression of CKD, however the inhibitors of RAS cannot fully stop the progression toward ESRD or regenerate the kidney function.

Epithelial-mesenchymal transition (EMT) is a pathological process which is characterized by dedifferentiation of epithelial cells, and results in tissue fibrosis with fibroblasts proliferation. This pathological process is thought to be a potential target for CKD therapies[@b3]. Actually, new therapies targeting kidney fibrosis in CKD have been being applied to clinical studies, and is thought to be a promising therapies for CKD with diabetic nephropathy[@b4][@b5].

EMT is characterized by the up-regulation of mesenchymal genes such as Snail1 and Vimentin. Snail1 is reported to be expressed in tubular cells in experimental models of EMT such as TGF-β stimulation *in vitro* and unilateral ureteral obstruction (UUO)[@b6][@b7]. Previously, the origin of proliferated fibroblasts in kidney fibrosis was thought from tubular cells with EMT, however Lebleu recently reported that the origin of myofibroblasts in kidney fibrosis is mainly from local resident fibroblasts (50%) through proliferation, and the actual transition from tubular cells to myofibroblasts accounted for only 5%[@b8]. In contrast, it is also reported that tubular-specific induction of EMT causes kidney fibrosis[@b9][@b10], thereby leading to speculation that tubular cells with EMT stimulate the proliferation of fibroblasts and result in kidney fibrosis.

Recent studies have been elucidating the role of miRNAs in kidney disease and EMT, and suggest miRNAs are potential targets for new therapies for CKD[@b11][@b12][@b13][@b14][@b15][@b16][@b17]. Especially regarding EMT, many researchers are trying to elucidate the role of miRNAs in EMT of kidneys. Chung et al. reported that miR-192 mediates TGF-β/Smad3-driven kidney fibrosis[@b18]. Similarly, Kriegel et al. also reported that miR-382 suppresses E-cadherin expression of human renal tubular cells via down-regulation of superoxide dismutase 2[@b19]. In contrast to those reports, Krupa reported that loss of miR-192 promotes fibrogenesis in diabetic nephropathy[@b20]. Moreover, previous reports indicated that miR-200 family may have a critical role in the repression of E-cadherin by zinc finger E-box binding homeobox (ZEB)1 and ZEB2 during EMT[@b21][@b22][@b23][@b24][@b25]. In addition, miR-21 and miR-214 were shown to promote kidney fibrosis in animal models using UUO, and the previous studies suggested that the inhibition of those miRNAs might be a therapeutic approach to suppress kidney fibrosis[@b26][@b27][@b28][@b29].

The aim of this study was to explore new miRNAs involved in EMT and to examine whether miRNA modification could ameliorate EMT. We have been elucidating the mechanisms of EMT and kidney fibrosis[@b7][@b30], and have also been working on miRNA researches[@b31]. This time, we used EMT models using UUO and TGF-β, and also a renal epithelialization model using mouse embryonic stem (ES) cells which we previously shown[@b32][@b33], and found a new miRNA which ameliorates EMT and kidney fibrosis.

Results
=======

Ureteral obstruction induces epithelial-mesenchymal transition and alters the expression of miRNAs of kidneys
-------------------------------------------------------------------------------------------------------------

The unilateral ureter of 8 weeks ICR mice was ligated under anesthesia, and bilateral kidneys were harvested after one week of unilateral ureteral obstruction (UUO). Epithelial-mesenchymal transition (EMT) of kidneys was confirmed by PCR and Western blot. Snail1 and Vimentin, dedifferentiated markers of tubular cells, were significantly up-regulated compared with the contralateral kidney in UUO-operated mice and both sides of kidneys in sham-operated mice as well as TGF-β, an inductor of EMT. On the other hand, an epithelial marker, kidney specific protein (KSP) were down-regulated by ureteral obstruction ([Fig. 1A, B](#f1){ref-type="fig"}).

To elucidate miRNA involvement in EMT, the expressions of miRNAs in UUO kidneys were analyzed by miRNA microarray analysis, and were compared with contralateral kidneys (n = 4). The data was analyzed by GeneSpring GX (Agilent), and miRNAs up-regulated more than two-fold were sorted out ([Supplementary Table S1](#s1){ref-type="supplementary-material"}). 96 miRNAs were up-regulated by UUO and were considered as possible candidate miRNAs for the induction of EMT ([Fig. 1E](#f1){ref-type="fig"}).

TGF-β induces EMT of mouse tubule cell line and alters the expression of miRNAs
-------------------------------------------------------------------------------

To find out miRNAs that were more likely to involve in EMT, an *in vitro* EMT model by TGF-β was also analyzed. A mouse proximal tubule cell line (MCT) was stimulated by TGF-β 3 ng/ml for 72 hours (n = 3), and the samples were harvested after TGF-β stimulation. Real-time PCR showed the up-regulation of Snail1 and Vimentin, and the down-regulation of KSP by TGF-β ([Fig. 1C](#f1){ref-type="fig"}), and indicated that TGF-β induced EMT in MCT.

miRNA microarray was also performed to analyze the alterations of miRNA expression by TGF-β in MCT (n = 3), and 48 miRNAs were up-regulated by TGF-β more than two-fold ([Supplementary Table S2](#s1){ref-type="supplementary-material"}). Among these 48 miRNAs, eight miRNAs were also up-regulated by ureteral obstruction ([Fig. 1E](#f1){ref-type="fig"}).

Activin enhances renal epithelial induction of mouse embryonic stem cells and alters miRNAs
-------------------------------------------------------------------------------------------

We previously reported that Activin 10 ng/ml enhances the differentiation of mouse embryonic stem (ES) cells and induced pluripotent stem (iPS) cells toward renal epithelial cells[@b32]. To narrow the results of microarray, we used this differentiation method of mouse ES cells with Activin as a counter model of EMT. Mouse ES cells were differentiated through embryoid body formation for three days, and were subsequently cultured by adhesion culture for additional 15 days. Activin 10 ng/ml was added to the differentiation medium for all differentiation period. The expression of KSP was analyzed by real-time PCR ([Fig. 1D](#f1){ref-type="fig"}), and miRNA microarray analysis was carried out at day 18 of the differentiation. Activin enhanced the expression of KSP as we previously reported, and down-regulated 48 miRNAs less than half compared with the control samples without Activin ([Supplementary Table S3](#s1){ref-type="supplementary-material"}).

To find out miRNAs involved in these three models; EMT by ureteral obstruction in mice, EMT by TGF-β in MCT and epithelialization by Activin in ES cells;, Venn diagram was made with GeneSpring GX ([Fig. 1E](#f1){ref-type="fig"}). Only three miRNAs, mmu-miR-125a-3p, mmu-miR-135a\* and mmu-miR-34c were involved in all three experimental models.

To confirm the expression change of these three miRNAs, real-time PCR of miRNAs was done in UUO mice and MCT stimulated by TGF-β ([Fig. 1F, G](#f1){ref-type="fig"}). In these three miRNAs, only miR-34c showed statistically significant change, therefore we have decided to analyze miR-34c in detail.

The miR-34 family comprises three processed miRNAs in mammalians that are encoded by two different genes: miR-34a is encoded by its own transcript, whereas miR-34b and miR-34c share a common primary transcript[@b34]. Therefore, we also performed real-time PCR of miR-34a and miR-34b in UUO mice and MCT stimulated by TGF-β ([Fig. 1H, I](#f1){ref-type="fig"}). Interestingly, miR-34b was also up-regulated in those two experimental models while miR-34a showed only slight up-regulation in MCT with TGF-β. This results is compatible with previous reports showing homology of miR-34b and miR-34c in terms of the sequence and the function[@b34][@b35][@b36].

Over-expression of miR-34c attenuates EMT induced by TGF-β in MCT
-----------------------------------------------------------------

To examine the effects of miR-34c on EMT, knock-down of miR-34c were carried out using inhibitor of miR-34c in MCT. MCT was transfected with the inhibitor of miR-34c or the negative control of the inhibitor, and were subsequently stimulated with TGF-β 3 ng/ml from the next day (n = 3) ([Figure 2A](#f2){ref-type="fig"}). Here, we changed the period of TGF-β stimulation from 3 days to 2 days since the effects of inhibitor of miR-34c was unlikely to last for a long time. Hence, the expression of Snail1, KSP and miR-34c was examined by real-time PCR after 2 days of TGF-β stimulation, and we have confirmed that EMT in MCT was induced by 2 days of TGF-β stimulation and miR-34c was up-regulated by TGF-β ([Fig. 2B](#f2){ref-type="fig"}). Cells transfected with miR-34c inhibitor were harvested after two days of stimulation with TGF-β, and real-time PCR was carried out to analyze the expression of Snail1, KSP and miR-34c with triplicate. The expression of miR-34c was significantly up-regulated by TGF-β, and down-regulated by the inhibitor of miR-34c. However, the expression of Snail1 and KSP was not altered by knock-down of miR-34c ([Fig. 2C](#f2){ref-type="fig"}).

Therefore, we examined the over-expression of miR-34c using precursor of miR-34c in MCT. MCT was transfected with the precursor of miR-34c or the negative control, and were subsequently treated with TGF-β 3 ng/ml from the next day (n = 3). Cells were harvested and analyzed in the same way of the experiments of down-regulation of miR-34c. The expression of miR-34c was significantly up-regulated by the transfection of miR-34c precursors, and the over-expression of miR-34c significantly suppressed the up-regulation of Snail1 ([Fig. 2D](#f2){ref-type="fig"}). The over-expression of miR-34c also significantly rescued the KSP expression.

To evaluate the target of miR-34c, we examined following gene expression based on target scan of miR-34c by GeneSpring GX and association with TGF-β pathway; Jag1, Notch1, Notch2 and Smad2. PCR showed only Jag1 was up-regulated by TGF-β and suppressed by over-expression of miR-34c ([Fig. 2E](#f2){ref-type="fig"}). Western blot was also carried out to examine the expression of Jag1, and confirmed that miR-34c suppressed the expression of Jag1 ([Fig. 2F](#f2){ref-type="fig"}). Bae et al. recently reported that miR-34c regulates Notch1, Notch2 and Jag1 in a direct manner[@b37]. Therefore, our results suggested that miR-34c attenuated EMT induced by TGF-β presumably via suppression of Notch/Jag1 pathway, though further experiments are needed to prove the direct relationship between miR-34c and Jag1.

miR-34c ameliorates EMT and kidney fibrosis induced by UUO
----------------------------------------------------------

To confirm the effects of miR-34c on EMT, *in vivo* over-expression of miR-34c was carried out. The unilateral ureter of ICR mouse was ligated under anesthesia, and the mouse was subsequently injected with miR-34c precursor (n = 4) or sham (n = 5) from the tail vein on the next day. On day 4 of UUO, the injection of miR-34c precursor or sham was repeated in the same way. On day 7 of UUO, bilateral kidneys were harvested.

Real-time PCR of bilateral kidney was carried out to examine the expression of miR-34c, Snail1 and Vimentin ([Figure 3A](#f3){ref-type="fig"}). The expression of miR-34c was significantly enhanced by the injection of miR-34c precursor while the up-regulation of miR-34c by UUO was very small. The over-expression of miR-34c suppressed the expression of Snail1 and Vimentin enhanced by UUO. Western blot was also carried out to examine the expression of Jag1. miR-34c significantly suppressed Jag1 expression while Jag1 was significantly up-regulated by UUO ([Fig. 3B](#f3){ref-type="fig"}, [Supplementary Fig. S4](#s1){ref-type="supplementary-material"}).

Hematoxylin-Eosin stain and Masson trichrome stain of kidneys revealed that miR-34c-injected mice had significantly less proliferation of interstitial cells and fibrosis than sham-injected mice ([Fig. 4A, B, C](#f4){ref-type="fig"}, [Supplementary Fig. S5](#s1){ref-type="supplementary-material"}). Moreover, immunohistochemistry of alpha-smooth muscle actin (α-SMA)[@b38][@b39] revealed that the over-expression of miR-34c significantly suppressed the α-SMA positive area down to 9.9% while α-SMA positive area were increased up to 20.7% by ureteral obstruction in sham-injected mice ([Fig. 4D, E](#f4){ref-type="fig"}). KSP positive area was also calculated to quantify the tubular cell area ([Fig. 4F](#f4){ref-type="fig"}), and the result showed that miR-34c ameliorated the decrease of tubular cells.

For further evaluation of kidney fibrosis, we performed real-time PCR of genes related to kidney fibrosis; connective tissue growth factor (CTGF), α-SMA, collagen type 1 (Col1a1), collagen type 3 (Col3a1), fibronectin (Fn1), and hairy/enhancer-of-split related with YRPW motif-like (HeyL)[@b9]. These kidney fibrosis markers were significantly up-regulated in UUO kidneys compared with contralateral kidneys and normal kidneys of sham operated mice, however administration of miR-34c significantly suppressed up-regulation of these genes ([Fig. 5](#f5){ref-type="fig"}). Interestingly, a down-stream effecter of Notch/Jag1 pathway, HeyL was also significantly suppressed by miR-34c, suggesting that miR-34c ameliorated kidney fibrosis via suppressing Notch/Jag1 pathway.

Discussion
==========

We have found a new miRNA, miR-34c which suppresses EMT and kidney fibrosis via suppression of Notch/Jag1 pathway. We showed miR-34c over-expression in renal tubular cells ameliorated EMT induced by TGF-β *in vitro*, and also demonstrated that administration of miR-34c precursors into mice ameliorated kidney fibrosis induced by UUO.

Our microarray results showed that miR-34c was up-regulated by ureteral obstruction and TGF-β, and was down-regulated through renal differentiation by Activin in ES cells. Based on these results, we hypothesized that miR-34c promoted EMT under TGF-β signaling, however inhibition of miR-34c under TGF-β stimulation did not show any changes of EMT markers. On the other hand, over-expression of miR-34c inhibited Snail1 up-regulation induced by TGF-β, and also restored KSP expression. We confirmed these effects of miR-34c using an *in vivo* mouse model with UUO. Taken together, these results suggest that TGF-β and UUO up-regulates miR-34c which competes with EMT, however the up-regulation of miR-34c is too small to oppose EMT under the experimental models.

Moreover, we tested the effects of miR-34c over-expression on the differentiation of mouse ES cells and mouse embryonic kidneys. Over-expression of miR-34c significantly up-regulated the expression of KSP ([Supplementary Fig. S1](#s1){ref-type="supplementary-material"}), suggesting that miR-34c might involve in kidney differentiation. We also found the low level of miR-34c expression in E14.5 mouse embryonic kidneys which suggested that miR-34c might involve in kidney development, however, further experiments are required to examine the effects of miR-34c on the kidney differentiation.

miR-34c is now reported to have several functions against different biological processes. miR-34c was first reported to be a target of p53 by Corney[@b35], and several reports also showed that miR-34c is induced by p53, and mediates apoptosis, cellular senescence and the cell cycle[@b40][@b41][@b42]. Recent reports indicated that down-regulation of miR-34c is associated with cancer growth and metastasis, and miR-34c acts as a tumor-suppressor[@b43][@b44][@b45][@b46][@b47]. Moreover, Cannell et al. reported that miR-34c is induced by p38 MAPK/MK2 and prevents Myc-dependent DNA replication via inhibition of translation of c-Myc through a highly conserved target-site within the 3′-UTR[@b48][@b49]. We have analyzed the expression of miR-34c in several organs of adult mice by real-time PCR, and confirmed that liver, lung, testis, spleen and kidney expressed miR-34c (data not shown). Especially lung and testis showed a high level of miR-34c expression. There are only few reports regarding the role of miR-34c in organ development[@b50][@b51], and nobody has reported about the role of miR-34c in relationship kidney development. We showed that over-expression of miR-34c promoted the mesenchymal epithelial transition (MET) in mouse ES cells and mouse embryonic kidneys. These results suggested that miR-34c may have a role in kidney development, especially in MET, though further experiments are required to explore the functions of miR-34c on kidney development.

Moreover, there are a few reports suggesting the role of miR-34c in EMT. Li et al. reported that rno-miR-34 family is up-regulated in dimethylnitrosamine-induced hepatic fibrosis in rats[@b52], and Yu et al. showed that down-regulation of miR34c promotes self-renewal and EMT in breast tumor-initiating cells[@b53]. Our results showed that UUO and TGF-β slightly up-regulated miR-34c, and the over-expression of miR-34c attenuated EMT induced by UUO and TGF-β, and are consistent with those previous reports.

The target genes of miR-34c are also important to understand the molecular pathway of miR-34c. Hermeking summarized previous reports about miR-34 family, and also described the targets of miR-34c[@b34]. miR-34c has some functions against different biological processes as we described above, and is also known to have some different targets. Previous reports indicated that E2F3, MET and c-Myc are direct targets of miR-34c for inhibition of proliferation, inhibition of invasion and migration, and G~1~-arrest respectively[@b43][@b54][@b55]. In addition to those reports, Bae et al. recently reported that miR-34c regulates Notch signaling during bone development, and showed that miR-34c targets Notch1, Notch2 and Jag1 in a direct manner, and influences osteoclast differentiation in a non-cell-autonomous fashion[@b37].

Notch signaling in renal epithelial cells is now known to be an important pathway for kidney fibrosis and TGF-β in mouse and human kidneys[@b9][@b56], and Smad signaling of TGF-β is also recognized to play a role in regulating EMT[@b3]. We have inferred the targets of miR-34c via target scan with GeneSpring GX and microRNA.org, and examined the expression of Jag1, Notch1, Notch2 Smad2 and HeyL which are potential targets of miR-34c. Our experiments showed that Jag1 and HeyL were up-regulated by UUO, and the up-regulation was attenuated by over-expression of miR-34c when TGF-β was present. In light of Bae\'s report[@b37], our results suggest that miR-34c ameliorated EMT and kidney fibrosis induced by UUO presumably via suppression of Notch/Jag1 pathway, though further experiments are needed to prove the direct relationship between miR-34c and Jag1.

Recently, Lebleu reported that the origin of myofibroblasts in kidney fibrosis is mainly from local resident fibroblasts (50%) through proliferation, and the remaining cause of kidney fibrosis is from bone marrow (35%), endothelial-to-mesenchymal transition program (10%) and the epithelial-to-mesenchymal transition program (5%)[@b8]. On the other hand, Bielesz reported that Notch activation in tubular epithelial cells causes kidney fibrosis in the kidneys[@b9]. From these reports, we speculate that kidney fibrosis is mainly caused by myofibroblasts proliferation via Notch activation in tubular epithelial cells, and tubular epithelial cells influence fibroblasts resulting in kidney fibrosis. Hence, we infer that miR-34c ameliorated kidney fibrosis through suppression of Notch activation in tubular epithelial cells, though further experiments are required to know how tubular epithelial cells influenced fibroblasts.

In conclusion, we have demonstrated that administration of miR-34c into mice with UUO suppresses fibrosis of kidneys presumably through suppression of Notch/Jag1 pathway. Our study may provide new insight into developing therapies against CKD targeting kidney fibrosis and miRNAs.

Methods
=======

Cell culture
------------

A mouse renal tubular cell line, MCT was kindly provided by Dr. Neilson (University of Pennsylvania), and was maintained in Dulbecco\'s modified Eagles\'s medium (DMEM, GIBCO) and 10% fetal calf serum (FCS) as previously reported[@b57]. Prior to TGF-β stimulation, the medium was changed to DMEM supplemented with 0.5% FCS, and TGF-β (R&D Systems) was subsequently added to the medium at 3 ng/ml on the next day.

A mouse ES cell line, EB3 was kindly provided by Dr. Niwa (Riken Center for Developmental Biology, Japan), was maintained and differentiated with Activin (R&D Systems) as previously reported[@b32][@b33].

RNA extraction and PCR
----------------------

RNA was purified with RNeasy Mini Kit (QIAGEN), and potentially contaminating genomic DNA was digested by RNase-Free DNase set (QIAGEN) according to the manufacturer\'s protocol. cDNA was synthesized using High-Capacity cDNA Reverse Transcription Kits (Applied Biosystems). GoTaq (Promega), TaqMan Fast Universal PCR Master Mix (Applied Biosystems) and QuantiFast SYBR Green PCR Kit (QUIAGEN) were used for PCR and real-time PCR. All primers and probes were originally designed. GAPDH was used for internal control.

miRNA was purified with miRNeasy Mini Kit (QIAGEN). cDNA synthesis and real-time PCR were performed with TaqMan miRNA assays (Applied Biosystems). sno202 was used for internal control.

Western blot analysis
---------------------

Cells were collected with RIPA buffer supplemented with Proteinase Inhibitor Cocktail (P8340, Sigma) after two times washing with PBS. Lysates were cleared by centrifugation at 4°C for 15 min at 12,000 g, and protein concentrations were determined using BCA Protein Assay Kit (Pierce). Samples were subjected to SDS-PAGE, and transferred to a membrane. Primay antibodies were anti-Vimentin (Cell Signaling, \#5741)[@b58], anti-KSP[@b33], anti-Jag1 (Cell Signaling, \#2620)[@b59] and anti-β-actin (Sigma, A1978)[@b60]. Alkaline phosphatase conjugated antibody (Promega) was used as a second antibody. Detection was carried out with Western blue (Promega).

miRNA microarray
----------------

627 mouse miRNAs were scanned by Mouse miRNA Microarray (V2, G4471A) (Agilent Technologies) according to manufacturer\'s protocol. Microarray results were analyzed using GeneSpring GX (Agilent Technologies). The microarray data was deposited in the Gene Expression Omnibus (GSE42719, <http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE42719>).

Transfection of miRNA precursors and inhibitors
-----------------------------------------------

miRVana&trade miRNA mimic (Applied Biosystems) or miRVana&trade miRNA inhibitor (Applied Biosystem) of miR-34c was transfected into MCT at 30 nM of final concentration by Lipofectamine2000 (Invitrogen) according to manufacturer\'s protocol. mirVana&trade miRNA mimic negative control \#1 (Applied Biosystem) or mirVana&trade miRNA inhibitor negative control \#1 (Applied Biosystem) was used for negative control.

*In vivo* transfection was carried out by use of mirVana&trade miRNA Mimic of miR-34c (In Vivo Ready) (Applied Biosystems) and Invivofectamine (Invitrogen) according to the manufacturer\'s protocol, and 5% glucose was used for sham. The mimic of miR-34c was administered to mice on day 1 and day 4 after UUO. All mice experiments were approved by the Institutional Animal Center in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. mirVana miRNA mimic negative control was also administered to mice with UUO to examine the effects of miRNA transfection itself, however no significant difference between mirVana miRNA mimic negative control and 5% glucose (sham) was found (n = 3). (data not shown).

Immunhistochemistry
-------------------

Kidneys were fixed with 4% paraformaldehyde, and were subsequently immersed in 30% (w/v) sucrose. Samples were subsequently blocked in PBS containing 3.0% (v/v) FBS after slides were made using a cryostat, and were incubated with anti-α-SMA antibody (Sigma, A5228) and anti-KSP antibody conjugated with biotin[@b33]. Alexa Fluor 488 (Invitrogen) and streptavidin-PE (Beckman Coulter) was used as a second antibody. Nuclei were stained with DAPI (Invitrogen). Pictures were taken with Olympus IX81, and α-SMA-positive cells were counted in 20 random high power fields (×100) by a blinded observer using ImageJ.

Statistical analysis
--------------------

Results are given as mean ± SD. Statistical analysis of the data was performed with t-test or ANOVA followed by Tukey\'s post-hoc test. P \< 0.05 was considered significant.
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![Experimental models of EMT and epithelialization revealed miR-34c presumably involves in EMT.\
(A, B) PCR and Western blot showing the expression of genes regarding EMT in kidneys of UUO and sham operated mice. Sham right; right kidneys of sham-operated mice. Sham left; left kidneys of sham-operated mice. UUO contralateral; contralateral kidneys of UUO-operated mice. UUO obstructed; UUO kidneys of UUO-operated mice. The original PCR and whole blot pictures are available in [Supplementary Fig. S2](#s1){ref-type="supplementary-material"} (n = 3). (A) PCR normalized to GAPDH. (B) Western blot. (C) Real-time PCR showing the expression of Snail1, Vimentin and KSP in MCT with or without TGF-β stimulation. (D) Real-time PCR showing the expression of KSP in mouse ES cells differentiated with or without Activin 10 ng/ml. (E) Venn diagram of microarray of three experimental models. (F) Real-time PCR of miRNAs in UUO mice. Control; contralateral kidneys of UUO-operated mice. UUO; UUO kidneys of UUO-operated mice. (G) Real-time PCR of miRNAs in MCT stimulated by TGF-β. (H, I) Real-time PCR of miR-34a and miR-34b in (H) UUO mice, and (I) MCT stimulated by TGF-β.](srep04578-f1){#f1}

![miR-34c suppressed Jag1, and attenuated EMT induced by TGF-β in MCT.\
(A) The protocol of transfection of miR-34c inhibitor or precursor. (B) Real-time PCR showing the expression of Snail1, KSP and miR-34c in MCT treated by TGF-β for 2 days. (C, D) Real-time PCR showing the expression of Snail1, KSP and miR-34c in MCT under indicated conditions. (C) Inhibitors of miR-34c. (D) Precursors of miR-34c. (E) PCR showing the expression of genes regarding Notch signal in MCT under indicated conditions. (F) Western blot of Jag1 and β-actin in MCT under indicated conditions. (n = 2) The original whole blot picture is available in [Supplementary Fig. S3](#s1){ref-type="supplementary-material"}.](srep04578-f2){#f2}

![miR-34c attenuated EMT induced by UUO via down-regulation of Jag1.\
(A) Real-time PCR of miR34c, Snail1 and Vimentin in mouse kidneys with or without ureteral obstruction under administration of miR-34c or sham. (B) Western blot of Jag1 and β-actin. The bands of Jag1 were quantified using ImageJ. Control; contralateral kidneys of UUO-operated mice. Obstructed; UUO kidneys of UUO-operated mice. Sham; sham-injected mice. miR-34c; precursor of miR-34 injected mice. The original whole blot pictures are available in [Supplementary Fig. S4](#s1){ref-type="supplementary-material"}. The original whole blot pictures of control v.s. obstructed in a same membrane are also available in [Supplementary Fig. S4](#s1){ref-type="supplementary-material"}. (sham n = 5, miR-34c n = 4).](srep04578-f3){#f3}

![miR-34c decreased fibrotic area in UUO kidneys.\
(A) Hematoxylin-Eosin stain of kidneys with ureteral obstruction under administration of miR-34c or sham. Scale bars were indicated at the lower right corner of the pictures. (B) Masson trichrome stain of kidneys with ureteral obstruction under administration of miR-34c or sham. Scale bars were indicated at the lower right corner of the pictures. Additional pictures are available in [Supplementary Fig. S5](#s1){ref-type="supplementary-material"}. (C) A graph showing the percent of fibrosis area in Masson trichrome stain samples. Quantification was done using ImageJ. (D) Immunohistochemistry showing α-SMA (green), KSP (red) and DAPI (blue) in kidneys with or without ureteral obstruction under administration of miR-34c or sham. Scale bars were indicated at the lower right corner of the pictures. (E) A graph showing the percent of α-SMA positive area. (F) A graph showing the percent of KSP positive area.](srep04578-f4){#f4}

![miR-34c attenuated kidney fibrosis in UUO mice.\
Real-time PCR of connective tissue growth factor (CTGF), alpha-smooth muscle actin (α-SMA), collagen type 1 (Col1a1), collagen type 3 (Col3a1), fibronectin (Fn1), and hairy/enhancer-of-split related with YRPW motif-like (HeyL). Normal right: right kidneys of sham-operated mice (n = 3), Normal left: left kidneys of sham-operated mice (n = 3), Sham control: contralateral kidneys of sham-injected mice with UUO (n = 5), miR-34c control: contralateral kidneys of miR-34c injected mice with UUO (n = 4), Sham obstructed: UUO kidneys of sham-injected mice (n = 5), miR-34c obstructed, UUO kidneys of miR-34c injected mice (n = 4).](srep04578-f5){#f5}
